Context. Neuhäuser & Comerón (1998 , 1999 presented direct imaging evidence, as well as first spectra, of several young stellar and sub-stellar M6-to M8-type objects in the Cha I dark cloud. One of these objects is Cha Hα 2, classified as brown dwarf candidate in several publications and suggested as possible binary in Neuhäuser et al. (2002) . Aims. We have searched around Cha Hα 2 for close and faint companions with adaptive optics imaging. Results. We find Cha Hα 2 to be a very close binary of ∼ 0.16 arcsec separation, having a flux ratio of ∼ 0.91, thus having almost equal brightness and indistinguishable spectral types within the errors. We show that the two tentative components of Cha Hα 2 form a common proper motion pair, and that neither component is a non-moving background object. We even find evidence for orbital motion. A combined spectrum of both stars spanning optical and near-infrared parts of the spectral energy distribution yields a temperature of 3000 ± 100 K, corresponding to a spectral type of M6 ± 1 and a surface gravity of log g = 4.0 
Introduction
found Cha Hα 2, also called ISOChaI 111, to be a member of the Cha I star-forming cloud with an age of ∼ 2 Myr. Neuhäuser & Comerón (1999) then classified Cha Hα 2 as a candidate brown dwarf of spectral type M6.5, using medium-resolution optical spectroscopy. Comerón et al. (2000) presented evidence for near-to mid-infrared excess indicating a disk. Natta & Testi (2001) and Apai et al. (2002) argued that the spectrum can be explained with an optically flat dust disk, but not with a flared disk, due to lack of any prominent silicate feature previously expected for the disk of Cha Hα 2. Neuhäuser et al. (2002) searched for companions around Cha Hα 1 -12 with the Hubble Space Telescope and presented the first indication for binarity of Cha Hα 2 due to elongation of the Point Spread Function (PSF) in filters R and Hα.
Send offprint requests to: Tobias Schmidt, e-mail: tobi@astro.unijena.de ⋆ Based on observations made with ESO telescopes at the Paranal Observatory under programme IDs 076.C-0292A, 076.C-0339B, 078.C-0535A, at the La Silla Observatory under programme ID 065.L-0144B, the Hubble Space Telescope under programme ID GO-8716 and on observations made with the European Southern Observatory telescopes obtained from the ESO/ST-ECF Science Archive Facility.
The rotational period of 3.21 ± 0.17 days, found in photometric data by Joergens et al. (2003) , confirmed the spectroscopic period of 2.9 +1.4 −1.0 days already proposed in Joergens & Guenther (2001) . Natta et al. (2004) observed nine stars in the Cha I dark cloud and found only at Cha Hα 2 signs of accretion in H α and Pa β, making it the only object out of nine to show clear signs of accretion at a rate of ∼ 10 −10 M ⊙ /yr and an inclination of ∼ 65 to 75
• . Observations with XMM-Newton by Stelzer et al. (2004) revealed X-ray emission from Cha Hα 2. Recently, Apai et al. (2005) succeeded in using new infrared spectra to conclude that the disk around Cha Hα 2 is still closer to the flat disk model, even though a prominent enstatite silicate feature could be found at 9.3 µm.
Here, we present evidence for the binarity of Cha Hα 2. In Sects. 2 & 3, we present the observations, data reduction, and astrometric results. The available photometric properties of both components will be discussed in Sect. 4. The spectroscopy of the system is presented in Sect. 5. We end with conclusions in Sect. 6.
Observations with VLT/NACO
We observed Cha Hα 2 in two epochs in February 2006 and in March 2007, see Table 1 for the observations log. Included in Table 1 are the data found in the archive from March 2005. We observed with the European Southern Observatory (ESO) Very Large Telescope (VLT) instrument Naos-Conica (NACO, Lenzen et al. 2003; Rousset et al. 2003) . DIT, NDIT, NINT, and filter bands are listed in Table 1 . In all cases, we used the S13 camera (∼13 mas/pixel pixel scale) and the doublecorrelated read-out mode.
For the raw data reduction, we subtracted a mean dark from all the science frames and flatfield frames, then divided by the mean dark-subtracted flatfield and subtracted the mean background using eclipse / jitter.
In all three images, Cha Hα 2 is clearly resolved in a double object with an apparent separation of ∼160 mas at a position angle of ∼ 40
• , see Fig. 1 . The southwestern component appears slightly brighter, hence we call this component A (or SW), the fainter northeastern component B (or NE). 
Astrometry
To check for common proper motion of the two tentative components of Cha Hα 2, we used the proper motion (here PM) of Cha Hα 2 published in the literature (USNO-B and PSSPMC); Table 2 for the results (originally from Gaedke (2005), but revised here by us). We use the mean proper motion for checking, whether the two objects show common proper motion below. We calibrated the NACO data using the wide binary star HIP 73357 for our two measurements in 2006 and 2007, and the closer binary HIP 73111 for which we found archived data taken in the same night as the Cha Hα 2 observations in 2005, resulting in the astrometric calibration summarized in Table 3 . The error bars of pixel scale and orientation include, possible orbital motion of the respective binary since its measurement by Hipparcos -i. e., a maximum change in separation due to possible orbital motion for circular edge-on orbit and a maximum change in position angle for circular pole-on orbit -as well as the uncertainties in parallax, total mass, position measurements in our images and separation at the epoch of Hipparcos of the respective binary system.
To determine the positions of both components we constructed a reference PSF from the binary itself by using the undeformed remote sides of both objects shifted to the same peak position. Thus, we obtained a clean reference PSF for each single image. With IDL/starfinder, we scaled and shifted the reference PSF simultaneously to both components in each of our individual images by minimizing the residuals. As a result, we obtained positions (see Table 3 ) and relative photometry (see Table 4 ), including realistic error estimates for each object by averaging the results of all single images taken within each epoch.
The development of separation and position angle with time is shown in Figs. 2, 3, 4, and 5. We can exclude by 0.9 σ & 1.5 σ (Fig. 2) ; 2.2 σ & 2.3 σ (Fig. 3) ; 1.4 σ & 1.0 σ (Fig. 4) ; 2.1 σ & 1.9 σ (Fig. 5 ) that either one of the tentative components of Cha Hα 2 is a non-moving background object. Viz, for both components the background hypothesis is rejected by ≥ 3.7 σ, respectively. For two objects slightly above the sub-stellar mass limit (see below) and the given separation (at ∼ 168 pc), the orbital period is ∼ 110 yrs, so that the maximum change in separation due to orbital motion (for circular edge-on orbit) is ∼ 12 mas/yr (∼ 3
• /yr in PA for pole-on orbit). While orbital motion could be detected in PA only from one point in 2006 in contrast to 2007, with 1.9 σ significance, we detect orbital motion as deviation of the separation in 2005 and 2006 in contrast to the 2007 measurement, with 1.9 σ & 3.9 σ significance. From the negligible change in PA during our ∼ 2 years of epoch difference, we can exclude a circular pole on orbit by 2.8 σ, however, we cannot rule out a highly eccentric pole-on orbit.
In Fig. 7 , the data from Hubble Space Telescope by Neuhäuser et al. (2002) While the difference seen in PA and the separation between the different observations are consistent with common proper motion and some orbital motion, a possible difference in proper motion between both objects of up to a few mas/yr cannot be excluded from the data. Such a difference in proper motion is typi- . Bottom: Spectrum of both components from the optical part to the near-infrared combined from data from Comerón et al. (2000) and data from the ESO Paranal and La Silla instruments ISAAC and SofI retrieved from the ESO Science Archive Facility. Top: The best fit to the spectrum: GAIA models computed with the PHOENIX code by Brott & Hauschildt (2005) for a temperature of 3000 K, log g of 4.0 and a visual extinction A V ≃ 4.3 mag. Note that the missing flux depression in J-band (between 1.2 and 1.3 micron) as well as in the peak of the H-band (around 1.65 micron) is due to missing FeH opacities in the spectral models. Note the strong Hα emission in Cha Hα 2 at 0.6568 µm.
cal for the velocity dispersion in star forming regions like Cha I (Ducourant et al. 2005) , so that we cannot yet exclude that both objects are independent members of Cha I, but not orbiting each other. However, it is extremely unlikely that two objects with almost the same temperatures, J & K magnitudes, gravities, radii, proper motions, and extinctions are located within less than 170 mas. Even if this would be the case, age, and distance would be the same as assumed below, hence also the mass estimation.
Photometry
As described in the last section, we obtained from the PSF fitting of both components also the relative flux ratio, see Table 4 . We considered these flux ratios in the astrometric proper motion analysis since the background hypotheses is based on proper motions obtained by centroid measurements of the unresolved system. Hence, if one component were a non-moving background object, the centroid (and thus the proper motion of the combined object) would only shift by about half the relative change in separation between both objects.
Using the unresolved photometry of Cha Hα 2 from the Two Micron All Sky Survey (2MASS) catalogue of J = 12.210 ± 0.024 mag and K = 10.675 ± 0.021 mag, we obtain the photometry of each component using our measured flux ratios, see Table 5 . We see no evidence for photometric variability.
Spectroscopy
We combined all available spectra of Cha Hα 2 from the archive and an optical spectrum obtained directly from F. Comerón (priv. com.) published in Comerón et al. (2000) to create a combined spectrum with a nearly complete coverage from 0.64 µm to 2.45 µm. The data were reduced in a standard manner, doing flat field correction, sky subtraction, spectrum extraction, wavelength calibration, and standard correction with G stars. The spectra are not flux-calibrated. We found the relative offsets from the overlaps of the spectra. We fitted this spectrum with GAIA COND models computed with the PHOENIX code by Brott & Hauschildt (2005) . COND represents the case where dust forms, as in the similar DUSTY models, but rains out completely from the photosphere into deeper layers and, hence, the region where τ = 1 is free of dust. Since little or no dust forms at temperatures above ∼ 2400 K both models with different treatment of dust formation give the same result at the given temperatures. Our best fit results give an effective temperature of 3000 ± 100 K, a surface gravity log g = 4.0
+0.75
−0.5 and a visual extinction of A V = 4.3 ± 0.25 mag, see Fig. 6 and the online material for a color version. We note that our extinction value is in between the A V of 7.9 mag measured in a slope in the A V map from Kainulainen et al. (2006) and the first ever measured value of 3.55 mag by Neuhäuser & Comerón (1998) . Given the quality of our fit, we find here further evidence for the physical binarity of Cha Hα 2 being a double of almost identical mid-to late-Mtype objects. If one of the components would be a background (or foreground) object, both the spectral type and the extinction of the components would differ and the unresolved spectrum of the binary would not be consistent with one spectral type over the whole spectral range.
The derived temperature can be converted to a spectral type of M6 ± 1 with the empirical temperature scale for young M-type objects from Luhman (1999) . Moreover, our combined spectrum in Fig. 6 resembles very much the spectrum of the M5.75 object ǫ Cha 10 in Luhman (2004) .
We also obtained low-S/N (∼ 15) K-band spectra of both objects with VLT/NACO, see Fig. 8 . They are indistinguishable, giving further evidence that neither of the two objects are background or foreground stars, which would exhibit a significantly different K-band spectrum. 
Conclusions
From the photometry, the visual extinction, an extinction law to convert the visual to a near-infrared extinction by Rieke & Lebofsky (1985) , a bolometric correction BC K of 3.0 ± 0.1 mag from Golimowski et al. (2004) and the distance to a particular member of the Cha I cloud of 168 R ⊙ for Cha Hα 2 A (SW) and B (NE), respectively. This makes both components more massive than the more massive component of the eclipsing binary brown dwarf found by Stassun et al. (2006) in Orion of M = 0.054 ± 0.005 M ⊙ (assuming similar age, which is justified).
It is, a priori, not known to which of both components the photometric rotation period refers. However, since both stars are very young and have been formed in similar environmental conditions, we may assume that they rotate at the same speed. In this case, we can conclude from the photometric period of 3.21 ± 0.17 days (Joergens et al. 2003) and the v sin i of 12.8 ± 1.2 km/s (Joergens & Guenther 2001) that Cha Hα 2 A and B have inclinations of 36.1 to 143.9 deg and 40.4 to 139.6 deg, respectively, consistent with ∼ 65 to 75 deg by Natta et al. (2004) . Assuming an alignment of the orbital axis and the rotational axis of both components, this is also consistent with our finding of astrometric orbital motion in the form of a change in separation rather than in a change of the PA, i.e., with an orbital plane being more edge-on than pole-on.
Given the luminosities, temperatures, radii, and gravities, the masses of both components are 0.308 −0.210 M ⊙ for A and B, thus leaving Cha Hα 2 AB above the stellar -brown dwarf boundary. However, component B could still be a brown dwarf, according to this error estimation. Although we arrive at masses that could possibly be higher than the sun's (given our large error bars), this can be ruled out due to the fact that such very young objects could be of approximately same size as the sun, but would not have a similar surface gravity at the same time. Using theoretical models by Baraffe et al. (1998) , we find a best fit for masses of 0.124 M ⊙ and 0.110 M ⊙ for Cha Hα 2 A and B for an age of 2 Myr, a temperature of ∼ 3025 K, a log g of ∼ 3.6, and the luminosity values as derived above of log(L/L ⊙ ) of -1.21 & -1.25, but we would like to mention that the determination of ages and masses from evolutionary models is uncertain until at least 10 Myrs (Chabrier et al. 2005) . These mass values are in good agreement with the mass for the unresolved Cha Hα 2 of 0.14 M ⊙ from Mohanty et al. (2005) . While there are currently almost one hundred systems known of even lower total mass (Siegler 2007) , a review of the field and the existence of very low mass binaries at different ages can be found in Burgasser et al. (2007) .
After submission of our manuscript Ahmic et al. (2007) reported the possible binarity of Cha Hα 2 found in their data from 2005, included as 1st epoch in our common proper motion analysis. We note that separation, position angle, and Ks-band magnitudes measured coincide well within the 1 σ error bars of each other. Ahmic et al. (2007) could not show common proper motion because they had only one epoch available.
The projected separation between A and B corresponds to ∼ 27 AU at ∼ 168 pc, so that further investigation of the interaction between the two components in Cha Hα 2 and its disk (with silicate feature) would be very important. 6 . Spectrum of both components from the optical part to the near-infrared combined from data from Comerón et al. (2000) (purple), and data from the ESO Paranal and La Silla instruments ISAAC (blue) and SofI (black: blue arm spectra, red: red arm spectra) retrieved from the ESO Science Archive Facility. The best fit to the spectrum, a GAIA model computed with the PHOENIX code by Brott & Hauschildt (2005) for a temperature of 3000 K, log g of 4.0 and a visual extinction of 4.3 is superimposed in green. Note that the missing flux depression in J-band (between 1.2 and 1.3 micron) as well as in the peak of the H-band (around 1.65 micron) is due to missing FeH opacities in the spectral models. Note the strong Hα emission in Cha Hα 2 at 0.6568 µm.
